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A b stra c t
In this paper we give the first method for constructing n-multimagic squares for 
any n. We give an explicit formula in the last section.
Introduction
Magic squares have been studied  over 4000 years. Recently some exciting new results 
have been found considering these squares (see for exam ple [3], [1], [2], [4] and the 
nice book of Pickover ([5]). In th is paper we will concentrate on so called m ultim agic 
squares.
An m  X m  m atrix  M  consisting of n a tu ra l num bers is called an n-m ultim agic 
square (where n  is a fixed positive n a tu ra l num ber) if for each 1 <  d < n  the  m atrix  
M *d, obtained by raising each element of M  to  the d-th power, is a magic square
i.e. the sum  of all elem ents in each column, row and m ain diagonal gives the  same 
num ber; the so-called magic num ber. Such a m atrix  M  is called norm al if its m atrix  
elements consist of the consecutive integers 1, 2 , ,  m 2. Throughout this paper we 
always consider norm al magic squares (of course if m  >  1 and d >  1 then  the m atrix  
M *d is no t norm al).
The first 2-multimagic square was constructed  by Pfefferm ann in 1890: it has 
order 8 ([9], [11] ). In 1905 the first 3-multimagic square was constructed  by Tarry: it 
has order 128. Recently in 2001 bo th  a 4- and a 5-m ultim agic square were constructed 
by Boyer and Viricel resp. of order 512 and 1024 ([10], [11] where they  also give a nice 
h istory  on the subject). The record up to  now was a 6-m ultim agic square of order 
4096 constructed  by P an  Fengchu in O ctober 2003 ([12]).
In this paper we give a constructive procedure to  make a large class of n-m ultim agic 
squares for each positive integer n  >  2. The problem  of finding such squares is 
reduced to  any easy linear algebra problem  which is solved in section 3. A more 
explicit solution is described in section 5. This solution is used to  give an explicit 
formula for n-m ultim agic squares for all n  >  3. In particu lar it gives the  first 7- 
m ultim agic squares, of order 137 and 8-multimagic squares of order 178 etc.
The m ethod described for constructing n-m ultim agic squares can easily be extended 
to  n-m ultim agic cubes and hypercubes. We refer to  section 4 for all definitions and 
more details.
1
1 Prelim inaries
T hroughout this paper R  denotes a finite ring w ith q elements. For c G R  we call a 
bijection N  : R  —^ { 0 ,1 , . . . ,  q — 1} of type c if
N  (a) =  q — 1 — N  (—a +  c), for all a G R.
L e m m a  1.1 i) I f  2 is a un it in  R , then fo r  every c G R  there exists a bijection N  of 
type c.
ii) I f  2 is not a un it in  R , then fo r  every c G R* there exists a bijection N  o f type c.
P ro o f . i) For c G R  define p  =  p c : R  — R  by p (a ) =  —a +  c for all a G R. Then 
p 2 =  1R. So all orbits of p  have length <  2 and a is a fixed point of p  iff 2a =  c.
ii) Let 2 be a un it in R. Then p  has exactly one fixed point (nam ely a 0 =  2- 1 c) and 
hence exactly  one orbit of length one, denoted O (a0). Since R  is the disjoint union of 
the orbits of p , it follows from i) th a t R  =  O (a0) U |JS=1 O (a¿), where # O (a ¿ ) =  2 for 
all 1 <  i <  s. Then define N (ao) =  s, N (a¿) =  i — 1 and N (p(a¿)) =  q — 1 — N (a¿) 
(=  q — i), for all 1 <  i <  s. Then N  is as desired.
iii) Let 2 not be a un it in R. Then for c G R* p  =  p c has no fixed points (for if 
p (a ) =  a, then  2a =  c G R*, so 2 G R* contradiction). So R  =  |JS=i O (a¿) w ith 
# O ( a j ) =  2 for all i. Then define N (a¿) =  i — 1 and N (p(a¿)) =  q — 1 — N (a¿) 
(=  q — i) for all i. T hen  N  is as desired. □
Now let m  >  1. For each 1 <  j  <  m  we choose a bijection N j  : R  — { 0 ,1 , . . . ,  q — 1} 
of type c j , for some cj G R  (this is possible by 1.1). P u t c =  ( c i , . . . ,  cm) G R m and 
define N m : R m — {1, 2 , . . . ,  qm} by
m
N m ( ( a i , . . . ,  am)) =  1 +  ^ 2  qj - 1 N (j) (a j).
j= i
Since the coefficients of the q-adic expansion of any n a tu ra l num ber are unique and 
each N(j) is a bijection, it follows th a t N m is a bijection. Moreover we have
L e m m a  1.2 N m (—a) =  qm +  1 — N m (a +  c), fo r  all a =  ( a1, . . . ,  am ) G R m .
m m
P r o o f . N m ( a) =  1 +  ^2  qj  1N(j)(—aj ) =  1 +  ¿  qj  1(q — 1 — N (j)(aj  +  cj )) =  
j=1 j=1 m m m m
1 +  Y ,  qj — ¿  q j-1  — ¿  q j-1 N (j) (aj  +  cj ) =  (qm + 1) — (1 +  ¿  q j-1 N (j)(aj  +  cj )) =  
j=1 j=1 j=1 j=1
qm +  1 — Nm (a +  c). □
To conclude this section we will give a result (proposition 1.4) which plays a crucial 
role in the next section. F irst some notations. Let n  >  1 ,1  <  s <  n  and L  : R n — R s 
an affine m ap i.e. there exist an R -linear m ap L 0 : R n — R s and an elem ent v G R s 
such th a t L (a) =  L 0(a) +  v for all a G R n .
L e m m a  1.3 I f  L : R n — R s is surjective then  # L - 1 (y) =  qn -s  fo r  all y  G R s .
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P ro o f .  Let y G R s . Since L is surjective there exists a 0 G R n such th a t L(ao) =  y. So 
L —1(y) =  a 0 + k e r  L 0. Since L is surjective, so is L 0. It follows th a t R n /  ker L 0 ~  R s , 
whence # k e r  L 0 =  qn—s and consequently # L — 1(y) =  qn—s . □
P r o p o s i t io n  1.4 Let 1 <  s <  n  and fo r  each 1 <  j  <  s let N(j) : R  ^  {0,1, .. ., q—1} 
be a bijection o f type Cj, fo r  some Cj G R.
Then fo r  every surjective affine map L : R n ^  R s and every s-tuple  e 1 , .. ., es >  1 
we have
£  N (1 )(L (a ) 1 )ei . . .  N(s) (L (a)s)es =  qn—s f  £  *eii  . . Y  £  .
aeK" \i=0 /  \i=0 /
P ro o f .  Let y =  (y1, . . . ,  ys ) G R s . T hen for each a G L —1(y) we get
N (1 ) (L (a ) 1  )ei . . .N (s ) (L (a )s )es =  N w (y1 )ei . . .N ( s)(ys )es.
So by Lem m a 1.3 we obtain
£  N (1 ) (L (a ) 1 )ei . . .  N (s)(L (a)s)es =  qn—sN (1 )(y 1 )ei . . .N ( s)(ys)6s, Vy G R s .
a£L-!(y)
(1)
Since by the surjectivity  of L, R n is the disjoint union of the  fibres L 1(y), where y 
runs th rough R s, we deduce from (1) th a t
£  N (1 )(L (a ) 1  )ei . . .  N (s)(L (a)s)es =  £  £  N (1 ) (L (a )0 ei . . . N w (L (a)s)es
a£L-1(y)
„n — s at („. \ei Ar. / \e.=  E  qn—SN (1 )(y 1 )ei . . .  N(s)(ys)e
qn—ss ( £  N (1 )(y 1 )eO  . . .  I £  N(s)(ys)es 
yyi£R /  \y s Efl
Since each N j  : R  ^  { 0 , 1 , . . . ,  q — 1} is a bijection we get th a t  ^  N j  (y j)ej =
q—1
ie j, which concludes the proof. □
i=0
2 A construction  of n-m ultim agic squares
Let n  G N. The following theorem  gives the m ain tool for constructing  n-m ultim agic 
squares. We will use the no tations in troduced in the previous section. M ore precisely 
let R  be a finite ring w ith q elements. F irst we choose c1, . . . ,  cn in R  and n  bijections 
N (1 ) , . . . ,  N(n) : R  ^  { 0 , 1 , . . . ,  q — 1} of types c1, . . . ,  cn respectively. W ith  these 
bijections we define N n : R n ^  {1,2, . . . , q n } as described in section two. This 
choice will be fixed throughout this section. In a sim ilar way we fix a bijection
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N 2n : R 2n ^  {1, 2 , . . . ,  q2n}. Then we will define a qn x qn m atrix  M  by describing 
its entries on the places (N n (a), N n (b)), w ith (a, b) G R n x R n . Observe th a t since N n 
is a bijection each pair (i, j ) w ith 1 <  i, j  <  qn can be w ritten  uniquely in the form 
(Nn (a ) ,N n (b)) for some (a, b) G R n x R n . So indeed M , as in 2.1, defines a qn x qn 
m atrix.
T h e o re m  2.1  Let A, B  G M 2n,n (R) and t  G R 2n be such that all n  x n  minors o f the 
matrices A, B , A + B  and A —B  are units in  R  and such that (A, B) G G l2 n (R).  Then  
the qn x qn m atrix  M  defined by
is n -multimagic.
P ro o f .  i) F irs t observe th a t all m atrix  elem ents M j  are different since (A, B) G 
G l2n(R) and N 2n is a bijection. Consequently the m atrix  M  consists exactly  of all 
elem ents of the  set {1, 2 , . . . ,  q2n}.
ii) Now let 1 <  d  <  n. F irst we w ant to  show th a t the  sum  of all elem ents in any 
colum n of M *d is the  same i.e. equal to  the same constan t only depending on q and 
n. Therefor fix b G R n . Then the N n (b)-th column of M *d consists of the elements 
MN (a) n  (b), where a runs th rough R n (rem em ber th a t N n : R n ^  {1, 2 , . . . ,  qn } is a 
bijection). So Sb(d), the sum  of the elements of the  N n (b)-th colum n of M *d is equal 
to
'Y ]  M N„(a),N„(6). 
aER"
To com pute Sb(d) first observe th a t the j - th  com ponent of the  vector (A, B)(b)  is 
equal to  A (j).a  +  B(j).b, where A j)  (resp. B(j)) denotes the  j - th  row of A (resp. B). 
Using the  definitions of M Nn(a)jNn(b) and  N 2n we get
Sb( d ) = £  1 +  £  Cj (a, b) J (2)
aER" y j=1
where
Cj (a, b) =  qj —1N (j)(A(j) .a +  B(j) .b +  t j  ), for all 1 <  j  <  2n. (3)
Now observe th a t (1 +  x 1 +  • • • +  x 2n)d can be w ritten  as 1 +  g, where g is a sum 
of term s of the form a j 1 . . .  x j , where 1 <  j  <  j 2 . . .  <  j s <  2n, e1, . . . ,  es >  1 
and  e 1 +  • • • +  es <  d (so in particu lar s <  d <  n) and a  is a positive integer. So it 
follows from (2) th a t Sb(d) only depends on q and  n  if we can show th a t for each set 
of exponents e 1 , . . . , es and indices j 1 , . . . , js  as above, the sum
£  Cji (a ,b )ei . . . C j .  (a ,b )es (4)
aER"
d2n
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only depends on q and n  (and of course e 1 , . . . , es , j 1 , . . . , js  ). To see this we are 
going to  use Proposition  1.4. Therefor pu t J  =  ( j 1 , . . . ,  j s) and define the affine m ap 
L : R n ^  R s by the formula
L (a) =  a (j ) .a +  b (j ) .b +  t  J
where A(J ) (resp. B (J )) is the  s x n  m atrix  w ith rows A(j1) , . . . ,  A j . )  (resp. B(j1 ) , . . . ,  B j . ) )  
and t( J ) in the colum n of length s w ith com ponents t  j , . . .  t  j . Since, as observed 
above, s <  n  and all n  x n  m inors of A are un its in R  (by hypothesis) it follows th a t 
L : R n ^  R s is surjective. Since by (3) C j  (a, b) =  qji — 1N (ji )(L (a)i ) for all 1 <  i <  s, 
it follows from Proposition 1.4 th a t the expression in (4) is equal to
qn—s .qei(j1 —1)+ +e. (j. —1^ i £  iei j  . . .  ^ £  ie° j  (5)
which indeed only depends on q and n, as desired.
iii) Interchanging the roles of a and b in the  argum ent given in ii) we get th a t also 
the sum  of all elements in each row of M *d is the  same.
iv) Now lets com pute the  sum  of the  (main) diagonal elem ents of M *d. This sum  is 
equal to
S1 =  E  M N"(a),N"(a).
aER"
To com pute it ju s t repeat the  argum ents given in ii) w ith b =  a. I t  then  rem ains to  
show th a t  the  expression in (4) w ith b =  a equals the expression given in (5). Therefor 
ju s t observe th a t C j  (a, a) =  qj i—1N (ji )(L 1(a)i ) for all 1 <  i <  s, where L 1 : R n ^  R s 
is the  affine m ap defined by
L 1(a) =  A (J) .a  +  B (J) .a  +  t (J ) =  (A +  B )(J ).a +  t (J)
(recall th a t J  =  ( j 1 , . . . ,  j s) ). Since by hypothesis all n  x n  m inors of A +  B  are units 
in R, it follows th a t L 1 is surjective. Then using Proposition 1.4 again we ob tain  th a t 
the  expression in (4) w ith b =  a is indeed equal to  the  expression given in (5).
iv) F inally  we consider the sum  of all elements from the “second” diagonal of M *d.
This sum  is equal to
S2 ^  ■/ M -/V"(a),q" + 1 —N" (a). 
aER"
Since by lem m a 1.2 qn +  1 — N n (a) =  N n (—a +  c) we get
S'2 =  £  M N"(a),N"( — a+c). 
aER"
Then repeating the argum ents in ii) w ith b =  —a +  c leads us to  define the affine m ap 
L 2 : R n ^  R s defined by
L 2 (a) =  A (J) .a  +  B (J) ( —a +  c) +  t (J) =  (A — B ) (J) .a +  B (J) .c +  t (J).
Also th is m ap is surjective since all n  x n  m inors of A — B  are un its in R. So again 
we find th a t the expression in (4) w ith b =  —a +  c is equal to  the  expression in (5), 
which completes the  proof of this theorem . □
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3 F inding the good m atrices
In order to  be able to  construct effectively n-m ultim agic squares by the m ethod de­
scribed in theorem  2.1, we need to  show how to  find a ring R  and m atrices A and  B 
in M 2n,n (R) which satisfy the conditions of th a t theorem .
The following (well-known) lem m a is the crucial tool to  solve th is problem.
L e m m a  3 .1  Let m  >  1 and Q (x 1 , . . . , x m) a non-zero polynomial in  the variables 
X1 , .. ., x m over Z. Then one can find  effectively integers a 1 , .. ., am such that
Q (a ^  . . . , am ) =  °.
P ro o f . By induction on m. The case m  =  1 is obvious since Q (x 1) has a t m ost deg Q 
zeros. Now let m  >  2. W rite Q =  qd(x1, . . . ,  xn— 1 ) x ^  +  • • • +  q1(x1, . . . ,  xm—1)xm +  
qo(x1, . . . ,  xm—1) w ith qd =  0. By the induction hypothesis there exist integers 
a 1, .. ., am—1 such th a t  qd(a 1, . . . ,  am—1) =  0. So the polynom ial q(xm ) =  Q (a 1, . . . ,  
am—1 , x m ) in Z[xm] is non-zero and has xm-degree d. Consequently there exists an 
integer am such th a t q(am) =  0 i.e. Q ( a 1, . . . ,  am—1, am) =  0, as desired. □
P r o p o s i t io n  3 .2  Let n  >  1. Then one can find  effectively a positive integer q >
1 and matrices A, B  G M 2 n,n (Z /qZ ) such that all n  x n  m inors o f the matrices 
A, B , A +  B  and  A — B  are units in  Z /q Z  and such that (A, B) G G l2 n (Z /qZ ).
P ro o f .  Let Au =  (A j  ) and B u =  ( B j  ) be two universal 2n x n  m atrices i.e. the 
elem ents A j  and B j  are distinct variables. T hen each n  x n  m inor of Au , B u, 
Au +  B u and  Au — B u is a non-zero polynom ial in the 4n 2-variable polynom ial ring 
Z [ A j , B j , 1 <  i <  2n, 1 <  j  <  n]. Let P  be the  product of all these m inors and 
let Q be the  product of P  and  the polynom ial d e t(A „ ,B „). By lem m a 3.1 we can 
find integers a j  and b j  such th a t  Q ( a j , b j ) is a non-zero integer. F inally  let q be 
a positive integer >  1 such th a t  g .c .d (Q (a j, b j ) , q )  =  1 for all i , j .  Then one easily 
verifies th a t  A =  ( a j ) and B  =  ( b j ) represent m atrices in M 2n,n (Z /q Z ) having the 
desired properties. □
4 M ultim agic cubes and hypercubes
In this section we briefly indicate how the m ethod developed in the previous sections 
can be used to  construct m ultim agic cubes, perfect m ultim agic cubes and hypercubes. 
Note th a t there is no consensus on the definition of m ultim agic cubes (hypercubes 
etc.) in the  literature . The choice given below can also be found in [6], [7].
4.1 M ultim agic cubes
A cube of num bers (resp. the consecutive num bers 1, 2 , . . . ,  n 3) is called magic (resp. 
norm al magic) if the sum  of all elements in each row, column and pillar is the same and 
is equal to  the sum  of all elements of each of the four space diagonals. Furtherm ore, 
if n  >  1 such a cube is called n-m ultim agic if for each 1 <  d <  n  the cube obtained 
by raising each of its elem ents to  the  d-th power is magic.
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Com pletely analogues to  the construction of n-m ultim agic squares in 2.1 we define a 
qn x qn x qn cube by the formula
a
M N"(a),N"(6),N"(c) =  N 3n I (A  B  C) I b I +  t
where each of the  vectors a, b and c runs th rough  R n , t  G R 3n and A, B  and C  
are m atrices in M 3n,n (R) which satisfy the following properties (which guarantee the 
m atrix  M  to  be an n-m ultim agic cube):
1. (A, B , C ) G Gl3n(R) (which guarantees th a t all the  n a tu ra l num ber 1, 2 , . . . ,  q3n(= 
(qn )3) appear in M ).
2. all n  x n  minors of the  m atrices A, B  and C  are units in R  (which guarantees 
th a t for each 1 <  d <  n  the sum  of all elements in each column, row and pillar 
of M *d is the  same, and hence equal to  the magic sum).
3. all n  x n  minors of the  m atrices A +  B  +  C, —A +  B  +  C, A — B  +  C  and 
A +  B  — C  are un its in R  (which guarantees th a t for each 1 <  d <  n  the  sum  
of all elements on each of the four space diagonals of M *d is equal to  the magic 
sum).
To find a ring R  and m atrices A, B  and C  satisfying the properties 1, 2 and 3 one 
can use the  m ethod described in section 3.
c
4.2 Perfect multimagic cubes
Recall th a t a magic cube is called perfect if additionally  the diagonals of each or­
thogonal slice have the magic sum  property. Furtherm ore, if n  >  1 such a cube is 
called n-m ultim agic perfect if for each 1 <  d <  n  the cube obtained raising each of 
its elem ents to  the d-th power is perfect magic.
To guarantee th a t the n-m ultim agic cube M  constructed  above is also n-m ultim agic 
perfect we impose on the m atrices A, B , C  the following conditions
4. all n  x n  m inors of the  m atrices A +  B, A — B , A +  C , A — C , B  +  C  and B  — C  
are un its in R.
Again the m ethod of section 3 can be used to  find m atrices A, B  and C  having the 
properties 1 to  4 above.
4.3 H ypercubes
From  the above it is now clear how to  generalize these constructions to  hypercubes.
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5 Explicit exam ples
Before we give some examples of m ultim agic squares we describe an explicit construc­
tion of m atrices A and B  satisfying the properties of theorem  2.1. Therefor we need 
the  following lemmas.
L e m m a  5 .1  Let n  >  1 and R  a ring such that 2 and 3 are units in  R . Furthermore 
let P , Q G M n (R) are such that all n  x n  m inors o f the 2n by n  m atrix  A =  (Q) are
units in  R . Then the matrices A and B  =  (_ 2Q) satisfy the properties o f theorem 2.1.
P ro o f .  Since 2 is a un it in R  the hypothesis on P  and  Q implies th a t also the 
n  x n  minors of B  are un its in R. Furtherm ore the n  x n  m inors of A +  B  =  (3Q) 
are also un its in R, since 3 and —1 are. Sim ilarly the n  x n  minors of A — B  are 
un its in R. Finally, using elem entary column operators one can reduce the m atrix  
(A, B) =  (Q —2Q  to  the m atrix  (Q — 4Q  which is clearly invertible over R  since bo th  
det P  and  d e t(—4Q) are un its in R. □
L e m m a  5 .2  Let n  >  2 and denote by V the 2n x n  m atrix defined as follows: for  
each 1 <  i <  2n — 2 the i-th  row o f V is equal to (1, i, i2, . . . ,  in—1), the 2n — 1-th row of
V is equal to (1, 0, .. ., 0) and the 2n-th  row o f V equals (0, 0, . . . ,  0, 1). Furthermore 
let P  denote the n  x n  m atrix consisting o f the firs t n  rows o f V and let Q denote the 
n  x n  m atrix consisting o f the last n  rows of V .
I f  R  is a ring such that i G R* fo r all 1 <  i <  2n — 2, then all n  x n  m inors o f (Q) 
are units in  R .
P ro o f .  Using V anderm onde determ inants one easily verifies th a t each factor appear­
ing in each n x n  m inor of V is either 2 n —2 or of the  form i —j  where 1 <  j  <  i <  2 n —2, 
from which the desired result follows. □
As an im m ediate consequence of the  lemmas above we get
C o ro lla ry  5 .3  Let n  >  2 and R  a ring such that 2 and 3 are c nits in  R . I f  i G R* 
fo r  all 1 <  i <  2n — 2 then the matrices A =  (Q) and B  =  (—2Q) with  P  and Q as in  
lemma 5.2 satisfy the hypothesis o f theorem 2.1.
In 5.4 - 5.7 below we choose one bijection N  : R  ^  { 0 , 1 , . . . ,  q — 1} of some type 
c G R  and define for each m  >  1
m
N m ((a 1 , . . . ,  am)) =  1 +  £  qj —1N ( a j ).
j=1
So in the  definition of N m as given in section 1 we take all N j )  to  be equal to  N .
C o ro lla ry  5 .4  (A n  explicit form ula fo r  n-m ultim agic squares.) Let n  >  3, q the 
sm allest prim e number >  2n — 1, R  =  F q and N  : R  ^  {0,1, . . . ,  q — 1} the bijection 
(of type —\ )  given by N (i)  = i fo r  all 0 <  * <  q — 1. Let A  and B  be as in  5.3. Then  
fo r  each t  G R 2n the m atrix  M  defined in  2.1 is n-m ultim agic.
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So in particu lar for n  =  7 we get 7-m ultim agic squares of order 137 and for n  =  8, 
8-m ultim agic squares of order 178 etc.
To conclude th is paper we give some interesting m ultim agic squares, constructed  using 
some rings different from the prim e fields used in 5.4.
E x a m p le  5 .5  (An associative bimagic square of order 16.)
Take R  =  F 2 [x]/(x2 +  x +  1),
A  —
/ x 0
0 1
1 1
'v x 1 )
B  —
/  1 x \
1 1
1 0
V 0 x /
0,t  G R 4 a rb itra ry  and N  : R  ^  {0,1, 2, 3} (a bijection of type x + 1 )  given by N (0)
N (1) =  2, N (x ) =  1 and N (x  + 1 )  =  3.
Then the corresponding m atrix  M  defined in theorem  2.1 is bimagic (=  2-multimagic) 
and associative (=  the sum  of any pair of m atrix  elem ents which are sym m etric w ith 
respect to  the center of the square is equal to  162 +  1).
E x a m p le  5 .6  (A family of bimagic squares of odd order.)
Take R  =  Z /q Z  w ith q >  3, q odd,
A
t  G R 4 arb itra ry  and N  : R  ^  { 0 , 1 , . . . , q  — 1} the s tan d ard  bijection (of type —1) 
as in 5.4. T hen the corresponding q2 x q2 m atrices M  as defined in theorem  2.1 are 
bimagic. In particu lar th is gives a family of bimagic squares of odd order.
Finally, if we choose q =  3 and t  =  2 1 2 0 we recover the associative 9 x 9 
bimagic square constructed  by R.V. H eath  (see p. 212 [8]) from before 1974.
E x a m p le  5 .7  (An associative, pandiagonal, bimagic, .... magic square of order 25.) 
Take R  =  F5, N  : R  ^  {0,1, 2, 3,4} the  stan d ard  bijection (of type —1) and
/ 0 1 \ / 1 0 \
2 0 D _ 0 1
1 1 , B — 2 1
V 2 1 / V 2 2
A
/ 1 1 \ / 2 2 \
1 2 D _ 2 4
1 3 , B — 3 4
V 1 4 / V 3 2 /
0 
4 
0
\  2 Ì
Then the corresponding 25 x 25 m atrix  is associative, pandiagonal, bimagic and has 
the  following properties:
i) Each of the  25 stan d ard  5 x 5 subm atrices is pandiagonal (even w ith the same 
magic sum).
ii) For each pair (i, j )  (1 <  i, j  <  25) the 5 x 5 m atrix  obtained by deleting each 
row w ith row num ber not equivalent to  i m od 5 and each column w ith column 
num ber not equivalent to  j  m od 5 is pandiagonal!
t
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M ore research into different properties and various examples can be found in the the­
sis of the  second au tho r ([13]). The reader is also referred to  the website ([14]).
A c k n o w le d g m e n t:  The au thors like to  than k  Michiel de B ondt for various stim u­
lating  and helpful discussions.
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